(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 




(43) International Publication Date (10) International Publication Number 

18 October 2001 (18.10.2001) pCT WO 01/76584 A2 



(51) International Patent Classification': A61K 31/155, (81) Designated States (national): AE, AG, AL, AM, AT, AU, 



31/192, 31/197. 31/198, 31/606, A61P 39/00 

(21) International Application Number: PCT/USO 1/09645 

(22) International Filing Date: 27 March 2001 (27.03.2001) 



(25) Filing Language: 

(26) Publication Language: 

(30) Priority Data: 
09/543,703 
09/559,913 
09/626.859 



English 
English 



5 April 2000 (05.04.2000) US 
28 April 2000 (28.04.2000) US 
27 July 2000 (27.07.2000) US 



(71) Applicant: CITY OF HOPE [USAJS]; 1500 East Duarte 
Road, Duaite, CA 91010-3000 (US). 

(72) Inventor: RAHBAR, Samuel; 4254 Empress Avenue, En- 

cino, CA 91436 (US). 



AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EE, ES, H, GB, GD, GE, GH, GM, 
HR, irU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, 
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX. 
MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, 
TJ, TM, TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, Fl, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD. TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(74) Agents: FIGG, E., Anthony et a1.; Rothwell, Figg, Ernst 
& Manbcck, PC, 555 13th Street, N.W., Suite 701-E, 
Washington, DC 20004 (US). 



(54) Title: NOVEL BREAKERS OF ADVANCED GLYCATION ENDPRODUCTS 



< 

00 
it} 



O 




AGE 

-^AGE+LR-20(1mM) 
-4-AGE+LR-23 1mM 
-^AGE+LR-90 ImM 



0.50 075 
AGE-BSA(^g) 



(57) Abstract: Advanced glycation endproducts (AGEs) have been implicated in the pathogenesis of a variety of debilitating dis- 
eases such as diabetes, atherosclerosis, Alzheimer's and rheumatoid arthritis, as well as in the normal aging process. Five com- 
pounds arc here reported to be active in breaking AGE-protcin cross-links. These compounds arc L-bis-[4-(4-chlorobenzamido-phe- 
noxyisobutyryl)cystinej (LR20); 4-(3,5-dichlorophenylureido)phenoxyisobutyryl-l-anudo-cyclohexane-l-carboxylic acid (LR23); 
methylene bis [4,4'-(2-chlorophenylureido-phenoxyisobutyric acid)] (LR90); 5-aminosalicyHc acid (5-ASA); and metformin. These 
compounds may be used to reverse the debilitating effects of those diseases in which AGEs are formed. 
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NOVEL BREAKERS O F ADVANCED GLYCATION ENDPRODUCTS 



BACKGROUND OF THE INVENTION 

Glucose and other reducing sizars react and bind covalently to proteins, lipoproteins and 
5 DNA by a process known as non-en2ymatic glycation. Glucose latches onto tissue proteins by 
coupling its carbonyl group to a side-chain amino group such as that found on lysine. Over time, 
these adducts form structures called advanced glycation endproducts (AGEs) (protein-aging). These 
cross-linked proteins sti£fen connective tissue and lead to tissue damage in the kidney, retina, 
vascular wall and nerves. The formation of AGEs on long-lived connective tissue accounts for the 
1 0 increase in collagen cross-linking that accompanies normal aging which occurs at an accelerated rate 
in diabetes. 

The publications and other materials used herein to illuminate the backgroxmd of the 
invention or provide additional details respecting the practice, are incorporated by reference, and for 
convenience are respectively grouped in the appended List of References. 

15 Advanced glycation endproducts (AGEs) have been implicated in the pathogenesis of a 

variety of debilitatmg diseases such as diabetes, atherosclerosis, Alzheimer's and rheimiatoid 
arthritis, as well as in the normal aging process. Most recent researchers confirm a significant role 
of the accumulation of AGE cross-links in promoting the decreased cardiovascular compliance of 
aging (Asif et al., 2000). The process of AGE formation on arterial wall matrix proteins may be 

20 related to the development of atherosclerosis in many different ways, such as generation of free 
radicals (ROS) diiring the glycation process, inhibition of a normal network formation in collagen 
by AGE accumulation (Brownlee, 1994), and increased adhesion of monocytes (Gilcrease and 
Hoover, 1992). 

The hallmark Diabetes Control and Complications Trial (DCCT) demonstrated that 
25 nonnalization of blood glucose control by intensive insulin therapy reduces the risk of development 

of diabetic complications (Diabetes Control and Complications Trial Research Group, 1993). 

However, intensive insulin therapy neither prevents nor cures complications. Thus, a large number 

of patients still are prone to develop vascular complications, and additional pharmacological 

approaches to prevent these complications are desirable. 
30 Both inhibitors of AGE formation and AGE-breakers not only may have a beneficial effect 

in reducing these, complications, AGE-breakers may cure the disease by removing AGEs from 

damaged tissues and cells. 
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A large number of inhibitors of glycation, A.GE-formation and AGE-protein cross-linking 
have been reported recently by us and others. Aminoguanidine is a prototype of "glycation 
inhibitors". These inhibitors may find therapeutic use in preventing diabetic complications and in 
delaying normal aging. 

S In addition to aminoguanidine, a large number of much more potent inhibitor compounds 

have been introduced by us and others recently (Rahbar et al., 1999; Rahbar et al.» 2000a; Rahbar 
et al., 2000b; Kochakian et al., 1996; Khalifah et al., 1999). On the other hand, investigation for 
selectively cleaving and severing the existing AGE-derived cross-links on tissue proteins by 
phaiinacological strategies has been started more recently. N-phenacylthiazolium bromide (PTB) 

10 and ALT 711 have been reported to have the ability to break AGE cross-links in vitro and in vivo. 
The introduction of PTB, the first AGE-breaker v/bich was mtroduced in 1996, generated excitement 
among the researchers in this field. However, PTB which was used at high concentrations (10-30 
mM), was only active at non-physiological high levels (Thomalley and Minhas, 1999). ALT 711 
has demonstrated AGE-breaking activities both in vitro and in vivo (Vasan et al., 1996). Yang et al. 

1 5 (2000) studied the effects of ALT71 1 in reversing the mcrease in cross-lioking of skin collagen in 
STZ induced diabetic rats. They concluded that ALT 71 1 is not effective in cleaving cross-links 
formed in skin collagen of diabetic rats. The search for new AGE-breaker compounds to prevent 
and cure disease related to AGE accumulation in tissues and organs is warranted. 

The Diabetes Control and Complications Trial (DCCT), has identified hyperglycemia as the 

20 main risk-factor for the development of diabetic complications (Diabetes Control and CompUcations 
Trial Research Group, 1993). Ever increasing evidence identifies the formation of advanced 
glycation endproducts (AGEs) as the major pathogenic link between hyperglycemia and the long- 
term complications of diabetes, namely nephropathy, neuropathy and retinopathy (Makita et al., 
1994; Koschinsky et al., 1997; Makita et al., 1993; Bucala et al., 1994; Bailey et al., 1998). 

25 Nonenzymatic glycation is a complex series of reactions between reducing sugars and amino 

groups of proteins, lipids and DNA, which lead to browning, fluorescence, and cross-linking (Bucala 
and Cerami, 1992; Bucala et al., 1993; Bucala et al., 1984). The reaction is initiated with the 
reversible formation of a SchifPs base, which undergoes a rearrangement to form a stable Amadori 
product Both the SchifPs base and Amadori product further undergo a series of reactions through 

30 dicarbonyl intermediates to form advanced glycation endproducts (AGEs). 

In human diabetic patients and in animal models of diabetes, these nonenzymatic reactions 
are accelerated and caiise accumulation of glycation and AGE formation on long-lived structural 
proteins such as collagen, fibronectin, tubulin, lens crystaUin, myelin, laminin and actin, and in 
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addition on hemoglobin, albumin, LDL associated lipids and apoprotein. Most recent reports 
indicate that glycation inactivates metabolic enzymes (Yan and Harding, 1999). The structural and 
functional integrity of the affected molecxiles, -vs^ch often have major roles in cellular functions, 
become perturbed by these modifications with severe consequences on affected organs such as 
5 kidney, eye, nerve, and micro-vascular functions (Boel et al., 1995; Silbiger et al., 1993). The 
glycation-induced change of immunoglobin G is of particular interest. Recent reports of glycation 
of Fab fragment of IgG in diabetic patients suggest that immune deficiency observed in these patients 
may be explained by this phenomenon (LapoUa et al., 2000). Furthermore, an association between 
IgM response to IgG damaged by glycation and disease activity in rheumatoid arthritis have been 

10 reported recently (Lucey et al., 2000). Also, impairment of high-density lipoprotein function by 
glycation has been reported recently (Hedrick et al., 2000). 

Direct evidence indicating the contribution of AGEs in the progression of diabetic 
complications in different lesions of the kidneys, the rat lens, and in atherosclerosis has been recently 
reported (Vlassara et al., 1995; Horie et al., 1997; Matsumoto et al., 1997; Soulis-Liparota et al., 

15 1991; Bucala, 1997; Bucala and Rahbar, 1998; Park et al., 1998). Several lines of evidence indicate 
the increase in reactive carbonyl intermediates (methylglyoxal, glyoxal, 3-deoxyglucosone, 
malondialdehyde, and hydroxynonenal) is the consequence of hyperglycemia in diabetes. "Carbonyl 
stress" leads to increased modification of proteins and lipids, followed by oxidant stress and tissue 
damage (Baynes and Thorpe, 1999; Onorato et al., 1999; McLellan et al., 1994). 

20 Methylglyoxal (MG) has recently received considerable attention as a common mediator to 

form AGEs. In patients with both insulin-dependent and non-insulin dependent diabetes, the 
concentration of MG was found to be increased 2-6 fold (Phillips and Thomalley, 1993; Beisswenger 
et al., 1998). Furthermore, MG has been found not only as the most reactive dicarbonyl AGE- 
intermediate in cross-linking of proteins, a recent report has found MG to generate reactive oxygen 

25 species (ROS) (free radicals) in the course of glycation reactions (Yim et al., 1995). 

An intricate relation between glycation reactions and "oxidative stress*' has been postulated. 
Nature has devised several humoral and cellular defense mechanisms to protect tissues from 
deleterious effects of "carbonyl stress" and accumulation of AGEs, i.e., the glyojqrlase system (I and 
U) and aldose reductase catalyze the detoxification of MG to D-lactate. Amadoriases are also a 

30 novel class of enzymes foimd in Aspergillus which catalyze the degly cation of Amadori products 
(Takahashi et al., 1 997). Furthermore, several AGE-receptors have been characterized on the sur&ce 
membranes of monocyte, macrophage, endothelial, mesangial and h^tic cells. One of these 
receptors, RAGE, a member of the immunoglobulin sigierfamily, has been found to have a wide 
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tissue distribution (Schmidt et ai., 1994; Yan et al., 1997). MG binds to and irreversibly modifies 
arginine and lysine residues in proteins. MG modified proteins have been shown to be ligands for 
the AGE receptor (Westwood et al., 1997) indicating that MG modified proteins are analogous 
(Schalkwijk et al., 1998) to those foxmd in AGEs. Most recently, the effects of MG on LDL have 
5 been characterized in vivo and in vitro (Bucala et al., 1993). 

Lipid peroxidation of polyunsaturated fatty acids (PUFA), such as arachidonate, also yield 
carbonyl compoimds. Some are identical to those formed firom carbohydrates (Al-Abed et al., 1996), 
such as MG and glyoxal (GO), and others are characteristic of lipid, such as malondialdehyde 
(MDA) and 4-hydroxynonenaI (HNE) (Requena et al., 1 997). The latter of the carbonyl compounds 

10 produce lipoxidation products (Al-Abed et al., 1996; Requena et al., 1997). A recent report 
emphasizes the importance of lipid-derived MDA in the cross-linking of modified collagen and in 
diabetes mellitus (Slatter et al., 2000). A number of AGE compounds, including both fluorophores 
and nonfluorescent compounds, are involved in cross-linking proteins and have been characterized 
OBaynes and Thorpe, 1999) (see Table 1). In addition to glucose derived AGE-protein cross-links, 

15 AGE cross-linldng also occurs between tissue proteins and AGE-containing peptide firagments 
formed from AGE-protein digestion and turnover. These reactive AGE-peptides, now called 
glycotoxins, are normally cleared by the kidneys. In diabetic patients, these glycotoxins react with 
the serum proteins and are a source for widespread tissue damage (He et al., 1999). However, 
detailed information on the chemical nature of the cross-link structures remains xmknown. The 

20 cross-linking structures characterized to date (Table 1), on the basis of chemical and spectroscopic 
analyses, constitute only a small fi-action of the AGE-cross-links which occur in vivo, with the major 
cross-linking structure(s) still unknown. Most recently, a novel acid-labile AGE-structure, N-omega- 
carboxymethylarginine (CMA), has been identified by enzymatic hydrolysis of collagen, and its 
concentration was found to be 100 times greater than the concentration of pentosidine (lijima et al., 

25 2000), and has been assumed to be a major AGE-cross-linking structure. 

CURRENT LIST OF AGEs IDENTIFIED IN TISSUE 
PROTEINS AND IN VITRQ GLYCATION EXPERIMENTS rBavnes et al.. 1999^ 
Carboxymethyllysine (CML) 
30 Carboxyethyllysine (CEL) 

Carboxymethylarginine (CMA) 

Pentosidine 

Pyralline 
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Crosslines (A, B) 

Glyoxallysine dimers (GOLD), Imidazolium salts 
Methylglyoxal-lysine dimers (MOLD), Imidazolium salts 



Imidazolones and dehydroimidazolones 

5 

Pyrrolopyrridinimn 
Arginine - Lysine dimer (ALS) 
Arginine Pyridinium 
Cypentodine 
10 Piperidinedinone enol 
Vesperlysine 
MRX 



3 -Deoxyglucosone-Arginine 
MGO- Arginine 



SUMMAJRY OF THE I>fV£NTIQN 
15 Five compounds have been found which are active in breaking AGE-protein cross-links. 

These compounds are L-bis-[4-(4-chiorobenzamidophenoxyisobutyryl)cystine] (LR20); 4-(3,5- 
dichlorophenylureido)phenoxyisobutyTyl-l-amidocyclohexane-l -carboxylic acid (LR23); methylene 
bis [4,4 -(2-chlorophenylureidophenoxyisobutyric acid)] (LR90); 5-aminosalicylic acid (5-AS A); and 
metformin. 

20 In one aspect of the invention, these AGE-breaking compounds are used to break glycation 

endproducts or cross-linked proteins in an organism by administering to an organism an effective 
amount of one or more of the AGE-breakers. 

In a second aspect of the invention, the deleterious effects of aging in an organism are 
reversed by administering an effective amount of an AGE-breaker to the organism. 

25 In a third aspect of the invention, complications resulting fiom diabetes in an organism are 

reversed by administration of an effective amount of an AGE-breaker to the organism. 

In further aspects of the invention, the progress of disease in a patient, wherein the disease 
can include rheumatoid arthritis, Alzheimer's disease, uremia, neurotoxicity, or atherosclerosis, is 
reversed by administration of an effective amount of an AGE-breaker to the patient. 

30 

P RIEF DPSCHIPTION OF THE FIGURES 

FIG. lA shows the cleavage of cross-linked collagen-AGE-BSA by LR20, LR23 and LR90. 
AGE represents collagen-AGE-BSA in the absence of any AGE-breaker. 



5 
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FIG. IB shows the dose dependent AGE-breaking activity of 5-AS A by measuring cleavage 
of cross-linked collagen-AGE-BSA. AGE represents coUagen-AGE-BSA in the absence of 5-AS A. 

FIG. 2 shows an Amido Black stained gel demonstrating the breaking by AGE-breaker 
compounds of cross-linked collagen-AGE-BSA. Lanes 1 and 10 are molecular weight markers. 
5 Lane 2 is collagen, lane 3 is cross-linked AGE-BSA, and lane 4 is cross-linked collagen-AGE-BSA. 
Lanes 5-9 are cross-linked collagen-AGE-BS A which has been treated with LR20, LR23, LR90, 5- 
ASA and metformin, respectively. 

DRTATLED DESCRIPTION OF THE INVENTIQN 

10 We have reported a new class of compounds, aryl (and heterocyclic) ureido and aryl (and 

heterocyclic) carboxamido phenoxyisobutyric acids, as inhibitors of glycation and AGE formation. 
A number of highly effective inhibitors were among the 92 compounds tested (Rahbar et al., 1999; 
Rahbar et al., 2000a). These were selected for in vivo experimentation in streptozotocin (STZ) 
induced diabetic rats. Recent reports on the discoveries of novel compounds, such as 

15 phenacylthiazolium bromide (PTB) (Vasau et al., 1996) and ALT 71 1 (Wolflfenbuttel et al., 1998), 
which are able to cleave selectively the established AGE-protem cross-links in tissues and in in vitro 
induced AGE-cross-links, have been exciting. Furthemore, ALT 71 1 was reported to reverse the 
age-related increase of myocardial stifiSiess in vivo (Asif et al., 2000). Disclosed here are the results 
of an investigation of AGE-breaking properties of a large number of compounds we have recentiy 

20 developed as potent inhibitors of glycation and AGE-formation (Rahbar et al., 1999; Rahbar et al., 
2000a). Using a specific ELISA technique and other in vitro assays for screening our compounds, 
five compounds have been found to be powerfiil AGE-cross-link breakers. These compounds are: 
L-bis-[4-(4-chlorobenzamidophenoxy isobutyryl) cystine (LR20); 4-(3,5-dichlorophenylureido)- 
phenoxyisobutyryl-l-amidocyclohexane-l-carboxylic acid (LR23); methylene bis [4,4'-(2- 

25 chlorophenylureidophenoxyisobutyric acid)] (LR90); 1,1-dimethylbiguanide (metformin); and 5- 
aminosalicylic acid (5-ASA). The structures of LR20, LR23 and LR90 are: 



30 
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5 



10 




LR90 



As described in the Examples below, compounds LR20, LR23 and LR90 in this study were 
each used at 1 mM final concentration and were very effective AGE-breakers as demonstrated in 
FIG. 1 A. 5-ASA was used at 20 |iM, 50 \iM and 1 mM and demonstrated dose dependent AGE- 

20 breaking activities as shown in FIG. IB. This characteristic of 5-ASA may be one of the reasons this 
drug is effective in the treatment of "ulceritis colitis" and Crohn disease. Furthermore, this drug may 
have beneficial effects in reversing AGE-cross-linlcs in rheumatoid arthritis where accumulation of 
AGE in collagen and an immunological response to IgG damaged by glyoxidation (AGE-IgG) have 
been reported recently (Lucey et al, 2000). Finally, 5-ASA may have some effects on reducing 

25 damage of the P-amyloid contents of Alzheimer plaques. 

Metformin, a highly popular drug for the treatment of Type 2 diabetes, was found by us to 
be a potent inhibitor of glycation (Rahbar et al., 2000b). In the Examples below evidence is 
presented that metformin is also a moderate AGE-breaker. 

The mechanism of action of our AGE-breaker compounds is yet to be discovered. However, 

30 since these compoimds release BSA from the preformed AGE-BSA-CoUagen complex as detected 
immunochemically by ELISA, we assume these AGE-breakers are able to chemically cleave a- 
diketones by breaking the chemical bond between tiiie carbonyl groups, similar to the PTB 
mechanism of action (Ulrich and Zhang, 1997). 
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The present invention is further detailed in the following Examples, which are offered by way 
of illustration and are not intended to limit the invention in any manner. Standard techniques well 
known in the art or the techniques specifically described below are utilized. 

S Example 1 

Compounds and Materials 
LR20, LR23 and LR90 were synthesized in our laboratory. These compounds are easily 
synthesized by those of skill in the art. These are among the 92 compoimds we have developed as 
inhibitors of glycation and AGE formation (Rahbar et al., 1999). Metfonmn (1,1- 
10 dimethylbiguanide) and S-aminosalicylic acid (5-ASA) were purchased from Sigma. 

Rat tail-tendon-coUagen coated 96 well plates were purchased from Biocoat (Collaborative 
Research, Bedford, MA) and used according to the manufacturer's instructions. Rabbit polyclonal 
anti-BSA antibody, a horseradish peroxidase-linked goat anti-rabbit antibody, and rat-tail-coUagen 
(type Vn, acid soluble) were purchased from Sigma and H2O2 substrate containing ABTs (2,2'- 
15 azino-di-3-ethylbenzthiazoline sulfonic acid) as chromogen was purchased from Zymed. BSA, 
glucose, himian IgG, rabbit-anti-rat and anti-human IgGs and methylglyoxal were from Sigma. 
Amicon filters (cut-off 10,000 Da) were obtained from Amicon (Beverly, MA). Spectra/Por CB 
dialysis membrane (molecular cut-off 1000 Da) was from Spectrum Inc. Thioflavin-T (ThT) and 
Congo Red (CR) were from Sigma. 
20 Px^mple 2 

Ev^l^atiQ^ of Cl^mge of Glycated pSA by AGp-break^y CQmpowds 
In vitro evaluation of the ability of the AGE-breaker compounds to cleave and brealc cross- 
linking of glycated BSA (AGE-BSA) (prepared as described (Rahbar et al,, 1999)) to the rat-tail- 
tendon-collagen was by a special ELISA (Al-Abed et al., 1999). The rat-tail-tendon-collagen coated 
25 plate was blocked first with 300 jiL of Superbloc blocking buffer for one hour. The blocking 
solution was removed from the wells by washing the plate twice with PAS-Tween 20 using a 
Dynatech ELISA-plate washer. Cross-linking of AGE-BSA (0.25, 0.50, 0.75, 1 and 1.25 \xg per 
well) to rat-tail-collagen coated plates was performed without the testing compound and mcubated 
for 5 hours at ST'^C, afler which the wells were washed with PBS/0.05% Tween to remove the 
30 unattached AGE-BSA. Test concentrations of the compoimd (50 fiL) dissolved in PBS were added 
to wells in triplicate and incubation continued at 37 °C overnight followed by three times washing 
the wells vsith PBS/Tween. The amount of BSA remaining attached to the tail collagen plate was 
then quantified by the rabbit polyclonal anti-BSA antibody, a horseradish peroxidase conjugated 

8 
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secondary antibody, goat anti-rabbit immxmoglobulin and incubation for 30 minutes. The substrate 
(ABTs chromogen, Zymed) was added and read at A410 in an ELISA plate reader (BioRad). 
The percentage breaking activity is calculated by the following formula: 
• 100 X [(A410, PBS control) - (A410, AGE-breaker compound)]/[A4io^PBS control]. 
5 Example 3 

In VitTQ CrosS'liiiked Con^pte?^; FQmfttioft Ass^y 
AGE-BSA (2 mg/ml in PBS containing 0.02% NaNj and 1 mM EDTA) and rat-tail-collagai 
(2 mg/mL in 1% acetic acid) were mixed in a ratio of 1 :4 (v/v) and Incubated for 24 hours in aseptic 
conditions at 3VC and constant shaking. At the end of the incubation period, the mixture was 
10 distributed and aliquots of 200 fiL were prepared in microiuge tubes and the AGE-Breaker 
compound was added to the test sample at a final concentration of 1 millimole/L, with the control 
tubes receiving PBS only. Test and control tubes weie incubated at 37 ^'C with mild shaking for 24 
hours. 25 ^g of each reaction was added to Laemmli preparation buffer and heated at >90°C for 10 
minutes and loaded into 6% gels (reducing SDS-PAGE (6 percent, Tris glycine gels)). 
IS Electrophoresis was carried out for 1 hour at 10 ^A and then 20 (lA until dye front was off the gel. 
The gel was stained with Amido Black and destained with methanol-acetic acid-water. Gels were 
dried and photographed. 

B;?can^?le 4 

Cleavage of AQg CrQss-ljjnkg that form in Vivp 
20 AGE-breaker treatment in vitro can also decrease AGE cross-links that form in situ in 

diabetic, rat-tail-tendon collagen. For this study, diabetes is first induced in male Lewis rats (150- 
1 75 g) by the injection of streptozotocin (65 mg/kg, i.p.). Hyperglycemia is then confirmed 1 week 
later by plasma glucose measurement (^250 mg/dL). Thirty-two weeks later, the rats are sacrificed 
and collagen is isolated from the tail tendon fibers by a standard protocol (Vasan et al., 1996). The 
25 insoluble collagen is treated with cyanogen bromide (Vasan et al., 1996) and the hydroxyproline 
content is measured (Vasan et al., 1996). Aliquots containing 1 ^ig equivalent of hydroxyproline are 
subjected to SDS-PAGE under reducing conditions and are stained with Coomassie blue. Because 
diabetic collagen contains nonreducible AGE cross-links, cyanogen bromide cleavage results in a 
pattern of higher molecular weight fragments than &at observed in collagen obtained from non- 
30 diabetic animals. AGE-breaker treatment of diabetic collagen restores the electrophoretic pattern 
to that observed with non-diabetic collagen. 



9 
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PpterminatiQn Qf Cleayagg of IgQ-AQp 
Cross-linked to the Rat RBC Surface Using an Anti-IeG ELISA Assay 
IgG-cross-linked to the RBC surface is determined in an anti-IgG ELISA adapted for use with 
5 cellulose-ester-membrane-sealed 96 well microtiter plates (Multiscreen-HA, Millipore) (Vasan et 
al., 1996). Heparinized blood is washed three times with PBS; the packed RBC are diluted 1:250 
- 1 :500 in PBS. Membrane-containing wells are first blocked with 0.3 mL Superbloc (Pierce), then 
washed with 0.3 mL PBS/0.05% Tween, followed by 0.1 mL PBS. RBCs are gently vortexed and 
50 (xL aliquots pipetted into wells. Cells are then washed and 50 \iL of a polyclonal rabbit anti-rat 
10 IgG (Sigma, diluted 1 :25,000) is added. After incubation at room temperature for 2 hours, the cells 
are washed 3 times with PBS, once with Tris-buJBfered saline, and 0. 1 mL ^-nitrophenyl phosphate 
substrate is added (1 mg/mL in 0.1 M diethanolamine buffer, pH 9.5). The ability of AGE-breaker 
compoimd to reduce RBC-surface IgG in vitro is evaluated as follows. 

RBCs fix)m diabetic rats are washed and 0.1 mL aliquots are incubated overnight at 37 ''C 
15 with 1 mL AGE-breaker compound in PBS. Control incubations contain RBCs and PBS alone. At 
the end of the reaction, RBCs are assayed for RBC-IgG; per cent decrease is calculated as 100 x 
((A410, PBS control) - (Ajjo, AGE-breaker compound))/(A4io, PBS control). Diabetic rats are treated 
for up to 4 weeks with AGE-breaker compound (10 mg/kg q.d. by oral gavage) or saline as control 
(n = 4-6 rats per group). At intervals, blood is collected fi:om tail veins into heparinized tubes, 
20 washed 3 times with 10 volumes of PBS, and assayed for surface IgG. 

gxample 6 

Disag gre g ^tio D i o f p-Andylojd F ibri l s in V it ro 
AGE-modified P-amyloid peptide, prepared by the incubation of glucose with P-AP (amino 
acids 1-40, firom Bachem, Torrance, CA), has been shown to initiate efficiently the aggregation and 
25 polymerization of P-AP into amyloid fibrils in vitro. 

Originally this assay was used for PTB (Al-Abed et al., 1996) and showed that PTB at 20 
mM concentration disaggregates P-amyloid fibrils that have been aggregated in this manner. In the 
original version of this assay, AGE-p-amyloid had to be radioiodinated and then dialyzed to remove 
the imincorporated radioiodine '^^I and separated by SDS-PAGE in a 4-10% gradient gel which 
30 makes this assay very cumbersome. 

In a new version of this assay, Bucala and Callaway (Bucala, personal communication; 
Tjemberg et al., 1999) have proposed the following approaches to demonstrate the disaggregation 
of the AGE-P-amyloid peptide by the AGE-breaker compounds. The Thioflavin T (ThT) 

10 
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fluorescence assay and Congo Red binding assay are based on the fact that Congo Red and ThT 
undergo characteristic spectral alteration on binding to a variety of amyloid fibrils that do not occur 
on binding to the precursor polypeptides and monomers. Both dyes are adapted to in vitro 
measurements of amyloid fibril formation and quantification. ThT binding to P-amyloids gives rise 
5 to a large fluorescence excitation spectral shift that allows selective excitation of the amyloid fibril 
bound ThT (Tjemberg et al., 1999). 

Preparation of an AGE Glvcation p^amvloid f Al-Abed et al» 1999) 
P-amyloid (836 \ig) is dissolved in 0.1 mL double-distilled water and 0.1 mL of 0.4 M 
10 sodium phosphate buffer (pH 7.4) containing 1 M D-(+)- glucose and then 2 mM EDTA is added. 
This is followed by the addition of 1 .1 mL of 0.2 M sodium phosphate buffer (pH 7.4) containing 
1 M D-(+)- glucose and 1 mM EDTA. The final concentrations of p-AP and glucose are 178.4 jiM 
and 1 M, respectively. The resulting gelatinous solution is incubated for 3 months at 37 **C in the 
dark and then dialyzed against double-distilled water using a Spectra/Por CE dialysis membrane 
1 5 (molecular mass cut off: 1 000 Da, Spectrum Inc., Houston, TX). Control preparations are incubated 
xmder the same conditions, but in the absence of D-(+)-glucose. 

Example 8 

Treatment of AGE-p-amyloid with the AGE-breaker Compound TAsif et al.. 2000) 
AGE-P-AP prepared as above is dissolved at 200 nM in 50 mM Tris-buffered saline (TBS), 
20 (450 mM NaCl), pH 7.4 and incubated alone or with 1 mM of the AGE-breaker compound for 24 
hours at 37°C. In control experiments, the peptide is initially dissolved in 2 volumes of 50 mM Tris, 
pH 10, to ensure starting solutions free from possible fibril seeds. After 3 minutes, 1 volume of 50 
mM Tris-HCl containing 450 mM NaCl is added to give a final pH of 7.4 and a concentraition of 1 50 
mMNaCl. 

25 Example 9 

Thioflavine T (ThT) Fluorescence Assav (Tjemberg et al.. 1999;i 
The incubated samples are vortexed and 40 aliquots are withdrawn and mixed with 960 
of 10 ^M ThT in 10 mM phosphate-buffered saline and examined on a fluorescence 
spectrophotometer with excitation of 437 imi and emission at 485 imi. Slit widths are set to 5 nm. 
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Example 10 

Ouantifidng P-amyloid Aggregation and Disaggregation 
Using the Congo Red Spectrophotometric Assay (Klunk et al., 1999) 
Congo red (CR) is a histologic dye that binds to many amyloid proteins because of their 
5 extensive P-sheet structure. The absorbance spectrum of the dye changes upon binding to amyloid. 
This spectral change has previously been ejcploited to develop a method to study the interaction of 
CR with fibrillar P-sheet insulin fibrils, a model amyloid protein. 

To p^orm an assessment of amyloid p (AP) aggregation by fhe CR-P-amyloid method, one 
needs to measure fhe absorbance of the amyloid test samples at two wavelengths (403 and 541 nm). 
10 This, along with separate measurements of CR and P-amyloid alone at the same wavelengths, 
provides the data necessary to complete the appropriate calculations and affords an accurate and 
absolute quantification of the concentration of aggregated p-amyloid in the test sample. 

pxampleH 
CQngQRedPrepQT^tiiQA 

15 A 1 00-300 nM stock solution of Congo red is prepared in filtered phosphate-buffered salme 

(PBS, Sigma; 0.01 M phosphate buffer, 0,0027 M KCl, and 0.137 M NaCl, pH 7.4) and 10% 
ethanol. Ethanol is added to the stock solution to prevent CR micelle (micro-aggregate) formation. 
This CR stock solution is filtered three times using Gelmaa extra-thick glass fiber filters (-0.3 |im 
nominal pore retention). The concentration of the stock solution is determined by measuring the 

20 absorbance of an aliquot of the filtrate at 505 nm. A molar absorbance value for CR in 40% ethanol 
(in 1 mMNaH2P04, pH 7.0) of 5.93 x 10^ AU/(cm M) at 505 nm is determined after quantifying 
the concentration of a CR solution in deuterium-6-dimethyl sulfoxide with an internal standard by 
proton >fMR. 

Example 12 

25 CQQ go Reg Pipdj fig As s^y3 ( Hunk et 1999) 

CR-P-amyloid binding studies are conducted using spectrophotometric analysis on a 
Beckman DU 640 spectrophotometer; all measurements are taken in wavelength-scanning mode 
(300-700 xmi), and the instrument is blanked on PBS unless otherwise indicated. Bindmg 
e?q)eriments are performed in three sets. In the first, varying concentrations of CR (0.6-6. 1 \iM) are 

30 incubated with 97.2 jig/mL of AP fibrils, an amount shown to bind >97% of the highest 
concentration of CR by filtration assays. Mixtures of CR and p-amyloid fibrils are incubated at 
room temperature for 1 5 mmutes prior to spectral analysis. Absorbance spectra firom 300 to 700 nm 
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are recorded for the CR-P-amyloid mixture treated first with the AGE-breaker compound as well as 
CR and P-amyloid alone at the appropriate concentrations. 

gx^ple U 
Electron Microscopy (Kapumiotu et al.. 1998) 
5 The incubated samples of control and fibrillar AGE-P-amyloid peptide (AGE-P-AP) (see 

Example 8) are centrifuged at 20,000 x g for 20 minutes and then supematants are aspirated. The 
pellets are sonicated for S seconds in 100 double distilled H2O and 8 of these suspensions are 
placed on grids covered by a carbon-stabilized Formvar-coated copper grid. Excess fluids are 
withdrawn after 30 seconds and the grids are negatively stained with 3% uranyl acetate in water. The 
1 0 stained grids are then examined and photographed in a JEOL 1 00 cx at 60 KV. 

Example 14 

ELIS A Assay to Screen AGE-cross-link Brealcer Compounds 
We tested the ability of our compounds to disrupt the cross-links that form vdien AGE-BS A 
is allowed to react with unglycated native rat collagen and to release BSA from preformed AGE- 
IS BSA-collagen complex. The specific BUS A assay, which is based on tiiat principle, was used to 
screen more flian 100 compoimds available to us for possible AGE-cross-link breaking activity. 
Among those, five compounds revealed such an AGE-cross-link cleaving activity. FIG. 1 A shows 
examples of the results obtained with the ELISA assay on LR20, LR23 and LR90 and FIG. IB 
demonstrates the ability of three different concentrations of 5-AS A on breaking cross-linked AGE- 
20 BSA-collagen complex. 

Eyampk Ig 
Cle^ge of AQp-crogg-liflks FQm^d in Vivo 
The ability of the five compounds to cleave cross-links formed in vivo by glycated 
immimoglobulin G (IgG-AGE) and red cell membrane of diabetic rats is tested as follows. Red cells 
25 are isolated from normal and diabetic rats and the amoxmts of surface-bound IgG before and after 
treatment in vitro with each compoxmd are measured. Considerably higher amounts of IgG are 
bound to the cell sur&ce of diabetic red cells compared with non-diabetic red cells. The amount of 
membrane-bound IgG will be lower in the red cells treated with the AGE-breakers as compared to 
untreated diabetic red cells. 
30 Ey^ p l e 1$ 

Clemgg Qf the in VitrQ Fomgtf AOE-PSA-Coltegeigi Comple?^ m Test Tvb^ 
AGE-BSA cross-linked to the rat-tail-collagen in test tubes was treated with AGE-breaker 
compound followed by SDS-PAGE. FIG. 2 dononstrates such an electrophoretic separation. The 
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high molecular weight band near the origin is assumed to represent the AGE-BSA-collagen complex. 
Lanes 5-9 (LR20, LR23, LR90, 5-ASA (shown as SMR-5) and metformin (shown as SMR-12)) 
demonstrate AGE-breaking activities. This is seen by the decreased amoimt of material seen at >300 
kDa and the decrease in the amount of material in the 1 39 kDa band. These changes are dramatic 
5 for LR20 and LR90 and are seen, though less dramatically, for LR23, S-ASA and metformiiL Lanes 
1 and 10 are molecular weight markers and lanes 2-4 are controls as described in the legends. 

E^^OTpk 17 

Cleavage of the in Vivo Formed AGE-Collaeen in STZ Induced Diabetic Rats 
Collagen isolated from tail-tendon fibers of diabetic Lewis rats is prepared and treated with 
10 an AGE-breaker. The insoluble collagen is then treated with cyanogen bromide. Aliquotsfi-om 
normal and diabetic rat collagens are run on SDS-PAGE under reducmg conditions and stained. 
Treatment of collagen with AGE breakers will show solubilization of the insoluble AGE-collagen. 

E^^ample 18 

Mm Tggte Bmi on Piisaggrggatiion of P-^mytoid Fibrilis in VitrQ 
1 5 AGE-breakers are able to disaggregate p-amyloid fibrils formed in vitro. Disaggregation of 

AGE-P-amyloid is detected and measured in 3 different assays. 
1) ThT fluorescence assay 

There are shifts in excitation and emission maxima upon binding ThT to amyloid fibrils and 
this has been used to monitor amyloid fibril formation (Tjemberg et aL, 1999) and disaggregation. 
20 Both soluble and fibrillar p-amyloid are analyzed for ThT binding in a fluorescence assay. Free ThT 
fluoresces weakly at 438 nm when excited at 350 nm. In the presence of amyloid fibrils, a strong 
ThT fluorescence emission is observed at 490 nm upon excitation at 450 nm. The emission is linear 
relative to the concentration of fibrils. The excitation emission spectra obtained firom p-amyloids 
treated and untreated with AGE-breaker display a shift firom the flee dye. 
25 2) Congo Red binding assay 

Congo Red binding assays as described in Example 12 are performed and demonstrate the 
quantification of the AGE-P-amyloid disaggregation by AGE-breakers. 
3) Electron Microscopy 

Electron microscopic examination of the preparations of AGE-breaker treated and untreated 
30 P-amyloid fibrils reveals differences in the fibrillar form of the P-amyloid aggregates before and after 
treatment with the AGE-breaker. In control (untreated) preparations, P-amyloid shows dense 
fibrillar aggregates, whereas preparations of P-amyloid treated with an AGE-breaker show fibrils 
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which are less dense and non-uniform. This result suggests that the AGE-breaker compound has the 
ability to disaggregate the p-amyloid fibrillar structure. 

While the invention has been disclosed in this patent application by reference to the details 
of preferred embodiments of the invention, it is to be understood that the disclosure is intended in 
5 an illustrative rather than in a limiting sense, as it is contemplated that modifications will readily 
occur to those skilled in the art, within the spirit of the invention and the scope of the appended 
claims. 
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CLAIMS 

1 . A method for cleaving glycation endproducts or cross-linked proteins in an organism, 
wherein said method comprises administering an effective amount of a compound or a 
pharmaceutically acceptable salt of said compound to said organism wherein said compound is 
selected firom the group consisting of: 

' L-bis-[4-(4-chlorobenzanudophenoxyisobutyryl)cystine]; 

4- (3 ,5-dichlorophenylureido)phenoxyisobutyryH -amidocyclohexane-l-carboxylic acid; 
methylene bis [4,4 -(2-chlorophenylureidophenoxyisobutyric acid)]; 
1,1-dimethylbiguanide; and 

5- aminosalicylic acid. 

2. A method of reversing deleterious effects of aging in an organism wherein said effects 
are formation of glycation endproducts or protein cross-linking, wherein said method comprises 
administering an effective amount of a compound or a pharmaceutically acceptable salt of said 
compound to said organism wherein said compound is selected from the group consisting of: 

L-bis-[4-(4-chlorobenzamidophenoxyisobutyryl)cystine]; 

4- (3 ,5-dichlorophenylureido)phenoxyisobutyry 1- 1 -amidocyclohexane- 1 -carboxy lie acid; 
methylene bis [4,4'-(2-chlorophenylureidophenoxyisobutyric acid)]; 
1,1-dimethylbiguanide; and 

5- andnosalicylic acid. 

3. A method of reversing complications resulting from diabetes wherein said 
complications result jfrom formation of glycation endproducts or protein cross-linking, wherein said 
method comprises administering an effective amount of a compound or a pharmaceutically 
acceptable salt of said compound to said organism wherem said compound is selected from the groiq) 
consisting of: 

L-bis-[4-(4-chlorobenzamidophenoxyisobutyryl)cystine]; 

4- (3,5-dichlorophenylureido)phenoxyisobutyryl-l-amidocyclohexane-l-carboxylic acid; 
methylene bis [4,4'-(2-chlorophenylureidophenoxyisobutyric acid)]; 
1,1-dimethylbiguanide; and 

5- aminosalicylic acid. 
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4. A method of reversing progress in a patient of rheumatoid arthritis, Alzheimer's 
disease, uremia, neurotoxicity, or atherosclerosis, wherein said method comprises administering an 
effective amount of a compound or a pharmaceutically acceptable salt of said compound to said 
organism wherein said compound is selected from the group consisting of: 
5 L-bis-[4-(4-chlorobenzamidophenoxyisobutyryl)cystine]; 

4- (3,5-dichlorophenylureido)phenoxyisobutyiyl-l-anndocyclohexane-l-carboxylic acid; 
methylene bis [4,4 -(2-chlorophenylureidophenoxyisobutyric acid)]; 
1,1-dimethylbiguamde; and 

5- aminosalicylic acid. 
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